7 rOllte de Drize, /227 Carollge-Geneva, Switzer/and Summary A method is described for the production of forced expirograms in anaesthetized laboratory animals, using a whole-body plethysmograph and a Hewlett-Packard (HP) IOOO-Fcomputer.
Forced expiratory manoeuvres are considered sensitive indicators of lung function changes (Lord, Gazioglu & Kaltreider, 1969) in that they yield measurements of volumes and flows which are determined solely by the mechanical properties of the respiratory system. In man the manoeuvres consist of full inspiration followed by complete exhalation with maximal effort and speed. As such the technique requires the co-operation of the subject, so that it has not been possible to use it in the assessment of the pulmonary function of laboratory animals.
The few methods reported in the literature for obtaining flow-volume relationships in animals all use negative pressures to extract air from lungs previously inflated by positive pressure (Diamond & O'Donnell, 1977; Lucey, Celli & Snider, 1978; Gross, 1981) . Such a technique may not be directly comparable with the processes which occur in human beings taking maximal inspirations followed by complete exhalations, in that the sites of flow restriction or 'choke points' (Mead, 1980) may not be the same. In addition. the methods described above are not directly applicable to evaluation of the pulmonary function of large numbers of animals, rather they are research tools for use in small-scale experiments.
Most of the techniques also use surgical intervention, so that repeated measurements on the same animal at intervals throughout a long-term experiment are impossible. In the present article we describe a computerdriven method which uses negative pressure in a plethysmograph to produce lung inflation, and a subsequent positive pressure in the same system to produce a true 'forced expiration'. The method does not require any surgical intervention and is fully automated.
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Materials and methods
The experimental apparatus is shown schematically in Fig. 1 , 1984) . The rat is then placed in a plexiglass plethysmograph with a volume of about 1 I partially filled with copper wire acting as a heat sink. The cannula is connected to a Fleisch 00 head (Metabo, Epalinges, Switzerland) situated outside the plethysmograph.
The Fleisch head is in turn linked to a HP 270 differential pressure transducer.
Halothane is supplied to the Fleisch head to maintain anaesthesia.
Pressure in Battelle-designed water-filled oesophageal catheters is measured using a 2678C pressure transducer (Sanborn Co .. Waltham. Mass .. USA). Signals from the flow and pressure transducers are sent via HP 88058 carrier amplifiers to an HP 1000-F computer fitted with an HP 5610 analogue to digital converter.
The plethysmograph is connected via solenoid valves to reservoirs kept at positive or negative pressures. The PTFE tube connecting the plethysmograph to the reservoir at negative pressure has a bore of 0·9 mm whereas that to the positive reservoir has a bore of 60 mm. the aim being to provide slow inflation and rapid deflation of the lungs. The positions of the valves are controlled by the computer through a system of relays. The sequence of events for each expirogram is as follows: the plethysmograph is connected to the reservoir at negative pressure. Pressure in the plethysmograph slowly falls, and air flows passively into the lungs of the rat (respiration ceases at pressures of around -10 cm H20). We consider that at a pressure of -40 em H 2 0 the lungs are inflated to total lung capacity: at this pressure the computer switches the solenoids and connects the plethysmograph to the reservoir at +50 em H20. Air is actively forced from the rat lungs as a result of this change in plethysmograph pressure. the computer throughout the manoeuvre, and are presented graphically on an HP 98725 graph plotter. The maximum flow (mils) and the expired volume (ml) are printed by the computer, along with the pressure differences and the duration of the manoeuvre. These values are also stored on an HP 7905A magnetic disc.
We routinely process around 160 animals per day using the system described above. flow-volume curves in laboratory animals, and that these curves are similar to those obtained in man. Our curves are not changed by increasing the driving pressure or by further decreasing the inspiratory pressure.
Results and Discussion
We are thus confident that we are operating on the threshold below which flow is dependent upon pressure, the basis of the test in man where maximum expiratory flow is considered independent of effort (Jones, Fraser & Nadel, 1975; Mead, ]980). Gross, K. B. (1981) . Pulmonary function testing of animals chronically exposed to diluted diesel exhaust. Lord, G., Gazioglu, K. and Kaltreider, N. (1969) 
